Although there is evidence that hexaminolevulinate (HAL)-based transurethral bladder tumor resection (TURBT) improves the detection of Ta-T1 non-muscle-invasive bladder cancer (NMIBC) as well as carcinoma in situ there is uncertainty about its beneficial effects on progression. Material and Methods: A systematic literature search was conducted according to the PRISMA statement to identify studies reporting on HAL-vs. white-light (WL-) based TUR-BT in non-muscle invasive bladder cancer between 2000 and 2016. A two-stage selection process was utilized to determine eligible studies. Of a total of 294 studies, 5 (4 randomized and one retrospective) were considered for final analysis. The primary objective was the rate of progression. Results: The median follow-up for patients treated with HAL-and WL-TURBT was 27.6 (1-55.1) and 28.9 (1-53) months, respectively. Of a total of 1301 patients, 644 underwent HAL-and 657 WL-based TURBT. Progression was reported in 44 of 644 patients (6.8%) with HAL-and 70 of 657 patients (10.7%) with WL-TURBT, respectively (median odds ratio: 1.64, 1.10-2.45 for HAL vs. WL; p = 0.01). Data on progression-free survival was reported in a single study with a trend towards improved survival for patients treated with HAL-TURBT (p = 0.05).
INTRODUCTION
Hexaminolevulinic acid (HAL) is a hexyl ester of 5-aminolevulinic acid (ALA) and has been approved for photodynamic diagnosis (PDD) of bladder tumors [1] . Following intravesical administration, HAL acts as precursor molecule which is taken up by urothelial cells and incorporated into heme biosynthesis resulting in intracellular accumulation of photoactive porphyrines especially within neoplastic urothelial cells [2] . When these enriched cells are exposed to blue light they emit red light of characteristic wavelength that can be visualized with the use of specific filters during transurethral bladder tumor resection (TUR-BT).
Based on the results of randomized trials HALbased TUR-BT has been implemented into clinical practice as the standard for fluorescence-based TUR-BT [1] . In an updated meta-analysis of raw data, an increase in the detection rate of Ta-T1 lesions by 20% and carcinoma in situ (CIS) by 40% was reported [3] .
Given the improved detectability of CIS with HAL [3] , there is a rationale for hypothesizing that HALbased TURBT may also impact on progression in non-muscle invasive bladder cancer (NMIBC). Prior meta-analyses aimed to address possible effects of HAL-TURBT on progression but did not report on a beneficial impact. Taking a closer look on these meta-analyses it has to be assumed that their results could have been biased by the duration of follow-up and definition of progression of the included studies [4] [5] [6] .
Given these possible limitations we aimed to systematically re-review the current body of evidence with regard to updated data reporting on the effects of HAL-based TUR-BT on progression in patients with NMIBC.
MATERIAL AND METHODS

Search strategy
A systematic literature search was conducted according to the PRISMA statement [7] to identify studies reporting on progression after HAL-and WLbased TUR-BT for NMIBC between 2000 and 2016. The Pubmed database was searched along with a free-text hand search using one or several combinations of the following items: aminolevulinate, bladder cancer, fluorescence, hexaminolevulinate, photodynamic diagnosis, progression, and transurethral resection. The selection process was conducted at two stages; the first stage was performed via initial screening of the title and abstract to identify eligible publications. The second stage was done via full-text reading including a manual search of publications in journals not listed in PubMed to further avoid missing any eligible study. For this systematic review, we excluded (I) non-English articles, (II) non-original articles (i.e. review articles with or without systematic review or meta-analysis), (III) editorials or case reports (IV) studies on ALA-based TURBT and (V) repeated publications on the same cohort to avoid publication bias. After completion of the systematic search, a risk of bias assessment was conducted according to the Cochrane handbook for systematic reviews of randomized studies [8] and NewcastleOttawa scale for retrospective studies [9] .
Data extraction
Data was initially extracted independently by both authors. Then double check was performed. The following variables were extracted: number of patients, early intravesical instillation, adjuvant treatment, duration of follow-up, follow-up strategy, modality of TURBT (HAL-vs. WL-) and rate of progression.
Outcome measures
The rate of progression was the primary objective of this study. Analysis of progression-free survival (PFS) was not conducted as only one study reported on data of PFS [10] . Progression was defined according to the definitions of the respective publications as outlined in Table 1 . One study defined progression as stage T2 disease and another according to the criteria of the International Bladder Cancer Group (IBCG) [11] . Some studies did not explicity define progression in their publication.
Statistical analysis
Review Manager (RevMan) software version 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen) was utilized for this meta-analysis. Fixed and random effect models were used according to the n 2 value of heterogeneity; for I 2 ≤50%, a fixed effect model was applied, whereas for I 2 >50% a random model was used. A p-value <0.05 was considered as level of significant difference.
RESULTS
A CONSORT diagram for the selection process of included studies is provided in Fig. 1 . The initial online search resulted in the identification of 294 publications out of which 263 were excluded after initial assessment. Of the 31 publications subjected to full text assessment, 26 were excluded after the second stage. Finally, 5 studies including 1301 patients were considered for final analysis [10, [12] [13] [14] [15] . Of these, 4 were randomized trials [10, [13] [14] [15] and one a retrospective study [12] . Table 1 summarizes the basic data of the included studies. A risk of bias assessment for the included studies is given in Tables 2 and  3 . Overall, the risk of bias was low to moderate for the majority of randomized studies and low for the one retrospective study.
The median follow-up (total range) of patients treated with HAL-and WL-TURBT was 27.6 (1-55.1) and 28.9 (1-53) months, respectively. Of the 1301 patients, 644 underwent HAL-TURBT (49.5%) and 657 WL-based TURBT (50.5%). Progression was found in 44 of the 644 patients (6.8%) with HAL-TURBT and 70 of the 657 patients (10.7%) with WL-TURBT, respectively (median odds ratio: 1.64, 1.10-2.45 for HAL vs. WL; p = 0.01). Figure 2 provides the corresponding forest and funnel plots. Data on PFS was reported in a single study with a trend towards improved PFS for patients treated with HAL vs. WL-based TURBT (p = 0.05).
DISCUSSION
In NMIBC, randomized studies have shown that HAL-TUR-BT facilitates the detection of tumorsuspicious areas in the bladder that might be overseen during conventional resection under WL [15] . In these trials, intravesical recurrence-free survival was used as primary endpoint and was proven to be significantly longer for patients treated with HAL-guided TURBT. Despite a significantly improved detection rate of CIS these studies could not confirm an impact of HAL-TUR-BT on progression [16] . One reason for this finding is that these studies were not adequately powered to either confirm or disprove an impact of HAL-TURBT on progression.
The results of this meta-analysis suggest for the first time that the performance of HAL-based TURBT confers a prognostic benefit to patients with NMIBC in terms of progression. Four of the five included studies were conducted as clinical trials [10, [13] [14] [15] . In these studies a total of 1024 patients were randomized to either HAL or WL-TURBT. This relates to 79% of the total number of included patients in this meta-analysis. To avoid any publication bias we only considered the most updated data on the same cohort [10, 17] . Generally, the definition of progression in NMIBC is crucial as it indicates worsening of the disease. However, until now, there is no unequivocal definition of progression [11] . In the study by Burger et al. progression was defined as stage T2 disease [12] . In three of the five included studies no definition of progression was provided in the respective full-text publications [13] [14] [15] . Of note, these three studies did not report on a beneficial impact of HAL-TURBT on progression. The largest and most recent publication re-analyzed the dataset of a phase III randomized trial on HAL vs. WL-TURBT with regard to progression [10] using a new definition provided by the International Bladder Cancer Group (IBCG) [11] . In detail, any increase in tumor grade from low to high or stage (from Ta to CIS/T1, CIS to T1, ≥T2 stage, or N+ or M+) is herein defined as progression. This definition takes several biological considerations on bladder cancer into account. Tumor cells that penetrate the basement membrane are capable of invading lymphatic and blood vessels and causing clinical progression [1] . Likewise, an increase in the tumor grade or presence of CIS clearly indicates a higher propensity of tumor cells to invade the submucosa [1] . On this occasion, it should be also noted that this definition does not comprehensively reflect urothelial carcinoma biology as, i.e. it does not consider worsening of the disease in patients with stage T1 NMIBC who exhibit lymphovascular invasion in the resection specimen during follow-up [18] . Notwithstanding, by using this new definition, progression was reported in 31 (12.2%) HAL-patients and 46 (17.6%) WL-patients (p = 0.085) [10] . By contrast, in the initial publication in which stage ≥T2 disease was used for definition of progression, less patients (8 (3.1%) patients in the HAL-and 16 (6.3%) in the WL-group) were considered to have experienced progression [17] . Nonetheless, it has to be borne in mind that this new analysis did not provide an update on the follow-up of patients [10] . Thus, the observed differences in progression might have become even more pronounced with longer follow-up. While in all five studies the reported rates of progression were numerically lower for patients treated with HALguided TURBT, the median periods of follow-up differed extremely across studies ranging between 14 to 55 months [10, [12] [13] [14] [15] . Of note, the largest study which randomized 516 patients to HAL and WL-TURBT reported on progression rates after a long-term follow-up of 53-55 months [10] .
Taken the results of this meta-analysis, one may hypothesize that a delay of progression may also result in a prognostic benefit of those who would need to undergo radical surgery as curative treatment. Radical cystectomy (RC) represents the mainstay of treatment of muscle-invasive bladder cancer [5] or NMIBC at high risk of progression [19, 20] . Pathological tumor and nodal stage as well as the surgical margin status (STSMs) represent well-established histopathological risk factors for recurrence-free (RFS), cancer-specific (CSS) and overall survival (OS) [19] . Whether photodynamic diagnosis-based Table 3 Risk of bias assessment according to the Newcastle-Ottawa scale for the non-randomized study [9] included in this meta-analysis (Leg.: scores TUR-BT exerts any impact on the long-term oncological outcomes of patients with bladder cancer who will need to undergo RC during their course of disease remains elusive.
In this regard, a single-center series of 224 consecutive patients who were treated with RC with standard bilateral pelvic lymph node dissection for bladder cancer between 2002 and 2010 retrospectively investigated outcomes with regard to the modality of TURBT prior to RC (HAL vs. ALA vs. WL) [21] . After a median follow-up of 29 months, the median 3-year-RFS, CSS and OS survival rates were significantly longer for patients who underwent HAL-TURBT compared to WL or ALA-TURBT prior to RC. In multivariable analysis, histopathological tumor and nodal stage, soft-tissue margin status and the modality of TUR-BT (HAL vs. non-HAL) were independent predictors for RFS, CSS and OS.
In conclusion, these results suggest that HAL-based TURBT may provide also a beneficial impact on survival even for those patients who will need to undergo RC during the course of their disease.
This meta-analysis has limitations which need to be taken into account in the interpretation of the results. First, we were not able to conduct a metaanalysis on PFS as only one study reported on hazard ratios [10] . The heterogeneous definition of progression and differences in duration of follow-up across studies may have impacted on our results. A selection bias might also exist for patients who were treated with WL-based TUR-BT only as they might have undergone a more intense follow-up by the treating urologist. However, based on the assessment of the risk of bias applied in this study the risk is rather low which supports our interpretation of the results. Differences in the utilization of adjuvant instillation regimens may have also influenced outcomes. Yet, in the largest study included in this meta-analysis, similar rates of intravesical instillation therapy were reported between both groups (45% for HAL, 46% for WL) [17] . Our meta-analysis differs from previous ones as follows: one study [16] which was included in the most recent meta-analysis by Lee et al. [4] reported on early data on progression with 5 and 7 patients progressing to T2 stage disease in the WLand HAL-group, respectively. Yet, a trend towards an increased rate of "worrisome" cancers (Tis/T1) was noted in that study (p = 0.17). By contrast, an updated report from the same cohort published in 2012 reported on a longer follow-up period with 16 and 8 patients in the WL-and HAL group exhibiting muscle-invasive disease, respectively (p = 0.066). A recent update of the same study cohort reanalyzed outcomes based on a new definition of progression according to the IBCG criteria. A trend towards reduced risk of progression was noted (p = 0.085). The meta-analysis by Yuan et al. [6] included the same studies for analysis of progression as the study by Lee et al. [4] . In the meta-analysis by Shen et al. data on progression from HAL and ALA-studies were analyzed in one group [5] . Of the three publications which were considered for that meta-analysis two were exclusively based on ALA [22, 23] . In summary, this is the first meta-analysis which shows a significant beneficial impact of HAL-TURBT on progression in NMIBC. By contrast to recent recommendations for trial designs in NMIBC [24] the results of this study support the performance of randomized trials with progression as primary endpoint to improve our understanding of the therapeutic potential of HAL-guided TURBT in NMIBC.
CONCLUSIONS
This meta-analysis supports the assumption that the detection and resection of NMIBC with HAL-guided TURBT reduces the risk of progression. Therefore, patients should receive hexaminolevulinate-rather than white-light-guided TURBT at their first resection as this might allow more patients at risk of progression to be treated timely and adequately.
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